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Submucosal territory of the direct lymphatic drainage







Objective: To investigate how large submucosal drainage territory extends in
lymphatic drainage vessels of the esophagus with and without nodal delay and
which morphologies are shown when passing through the muscularis propria.
Methods: Submucosal territories of the 22 highly selected direct drainage vessels of
17 esophagi were histologically examined using transverse or sagittal serial sec-
tions. Afferent vessels from the esophagus to the subcarinal (6 esophagi) and
para-esophageal (5 esophagi) nodes were also examined to identify their courses and
drainage territories.
Results: We found the direct drainage vessel from the esophagus in 17 of 75
cadavers macroscopically (22.7%). A single submucosal drainage unit gave off 1-3
thick drainage vessels passing through a complete muscle gap of the 2 muscular
layers. The unit extended longitudinally for 40 mm but was restricted to the right
and/or dorsal quadrants of the esophagus. In contrast, drainage routes with a nodal
relay originated from the intermuscular area, except 1 case when the adjacent or
concomitant esophageal artery and vein provided the complete muscle gap.
Conclusions: Due to the extended longitudinal but restricted transverse territory of
the direct drainage system without a nodal relay and because of the suggested much
more frequent occurrence in patients than in cadavers, when superficial carcinoma
is found in the dorsal and/or right quadrants of the esophagus, we recommend
detailed presurgical investigations of cervical nodes. In contrast, afferents from the
esophagus to the first regional node usually seemed to be less responsible for early
nodal metastasis than the direct drainage route because of their intermuscular
origins.
One of the authors (G.M.) histologically described the lymphaticdrainage vessel originating from the human esophagus and merg-ing with the thoracic duct directly without a nodal relay.1 Atalmost the same period, Riquet and colleagues2 identified thedirect drainage flow from the esophagus to the thoracic duct usingan injection method. Recently, Rice and colleagues3 and Rice4
presented an excellent diagram showing esophageal lymphatic anatomy including
the intra-esophageal configuration. To the best of our knowledge, however, no
anatomical investigations have demonstrated how large the submucosal drainage
territory extends. Treatment of superficial esophageal carcinoma is one of the
current topics in esophageal surgery,3,5-7 especially, in sentinel node navigation
surgery (SNNS).8 The aim of this research is to describe a unit of the submucosal
territory of 1 lymphatic drainage vessel of the thoracic esophagus not only when it
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drains into the thoracic duct without a nodal relay but also
when it does into the esophageal regional node.
Materials and Methods
Seventy-five postmortemly treated cadavers dissected in dissection
practice in 2001 for medical or dental students at Sapporo Medical
University, the Health Sciences University of Hokkaido, and To-
kyo Medical and Dental University were used.
Defining the Drainage Territory of 1 Lymphatic Vessel
Without a Nodal Relay
In 17 of the 75 cadavers (22.7%), we found macroscopically 22
lymph vessels exiting from the esophagus (1 vessel in each of 13
cadavers, 2 in each of 3 cadavers, and 3 in 1 cadaver). These
cadavers did not carry macroscopical tumors in the esophagus and
upper abdominal viscera. The distribution of the 22 vessels as
defined by the level of the vertebral body and its lower-adjacent
disc was 2 vessels at T2, 2 at T3, 3 at T4, 4 at T5, 8 at T6 and, 3
at T7. The thickness of these vessels ranged from 0.5-1.5 mm
(0.5-0.9 mm in 12 vessels and 1-1.5 mm in 10).
Those vessels were labeled by carbon particle suspension at the
exit point on the esophagus. The 17 esophagi were cut and re-
moved as long pieces (40-70 mm in length) to include an area
20-mm oral and anal at minimum from the exit point into the piece.
Thus, when 1 vessel was included in a specimen, the piece was 40
mm in length. After routine preparation of paraffin sections, the
histological specimens were prepared and were stained with he-
matoxylin and eosin. Fourteen esophagi, including 19 vessels,
were used for serial transverse sections (10 m in thickness), while
3 esophagi (each contained 1 vessel) were processed for serial
sagittal sections.
Defining the Drainage Territory of 1 Lymphatic Vessel
to a Regional Node
In the 75 cadavers, we chose 6 esophagi with a thick afferent
vessel from the esophagus to the subcarinal node. The thickness of
these vessels ranged from 0.5-1.5 mm. We also chose another 5
esophagi with the thoracic para-esophageal node (a node attaching
on the esophagus). Those 11 specimens were processed for histol-
ogy in the same manner for the direct drainage (see above), but all
11 were used for serial transverse sections (10 m in thickness).
We estimated reduction in scale to 75% due to fixation and
dehydration in the present routine histology using paraffin sec-
tions, according to our previous scale comparisons of a same
specimen of the esophagus among fresh (6 hours after death),
formalin-fixed, and paraffin-embedded conditions (detailed data,
not shown).
Results
Direct Lymphatic Drainage Vessel From the
Esophagus to the Thoracic Duct
The direct drainage was found in 22.7% of 75 esophagi. All
22 vessels were counted. According to histology, however,
7 (5 esophagi) of the 22 vessels (17 esophagi) contained red
blood cells in their lumina. Although venous reflux into the
thoracic duct was likely due to high pressure at the injection
of formalin solution for the postmortem treatment of cadav-
ers,9 for strict identifications, these 7 vessels or 5 esophagi
were excluded from the present study to identify the drain-
age territory. Consequently, 12 vessels (9 esophagi) were
investigated using transverse sections, while 3 other vessels
(3 esophagi) were used for sagittal sections. Observations of
these 15 vessels are described.
At the exit point of the direct drainage vessel on the
esophagus, which was labeled with a carbon particle sus-
pension during macroscopic observations to choose histo-
logical specimens (Figure 1), we observed the muscle gap10
through which the vessel passed. The muscle gaps were
divided into complete gaps (a large canal of 2 muscle layers
of the muscularis propria) and incomplete gaps (a narrow
slit of the outer longitudinal muscularis propria). The com-
plete gap, a straight tube-like space piercing through the 2
muscle layers, contained the thick drainage vessel connect-
ing the submucosal and external lymphatic vessels of the
esophagus. These exit points or gaps were located at the
dorsal and/or right aspect of the esophagus. Five of the 8
relatively thin (0.5-0.9 mm) vessels and all 7 of the thick
(1-1.5 mm) vessels passed through a complete muscle gap
(1 vessel for 1 gap). This gap ranged from 0.5-2.0 mm in the
transverse axis and 0.2-0.4 mm in the longitudinal axis. In
contrast, another 3 relatively thin vessels originated at the
intermuscular layer and passed through an incomplete gap
smaller (0.1-0.3 mm in the transverse axis and 0.1-0.2 mm
in the longitudinal axis) than the complete one.
In the complete muscle gap, the lymphatic vessel almost
always ran solitarily without a concomitant artery and/or
vein. The lymphatic vessel had a thick wall (30-50 m)
containing much smooth muscle and an expanded lumen
(0.1-0.5 mm), showing a very tortuous arrangement (Figure
1). In contrast, in the incomplete gap, the wall and lumen
were thin and the vessel was straight (Figure 1).
When the complete gap was present, the submucosal
lymphatic plexus was developed well between the muscu-
laris mucosae and inner circular muscularis propria. Nota-
bly, the plexus had a thick wall with much smooth muscle
(20-30 m), in contrast to the walls of neighboring veins
(5-10 m), the lumina of which were filled with red blood
cells. The plexus extended longitudinally over 20-mm oral
and anal from the level of the complete gap, maintaining a
luminal thickness of more than 50 m (Figures 2 and 3).
Thus, the longitudinal length of the drainage territory was
identified as at least 40 mm according to the criterion of the
50-m minimum luminal thickness.
In the transverse axis, the plexus was identified in re-
stricted, dorsal, and/or right quadrants of the esophagus,
ranging from 5 to 11 o’clock points (Figures 1 and 3),
corresponding to 1 or 2 mucosal folds, although the position
varied in the long longitudinal configuration of the plexus.
The transverse width of the territory ranged from 4-10 mm.
Consequently, the submucosal lymphatic territory corre-
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Figure 1. Direct lymphatic drainage from the esophagus to the thoracic duct: anatomical and cross-sectional repre-
sentations. A, B, C, and D display the same specimen. A, Dorsal aspect of the thoracic esophagus. The thoracic duct (TD)
receives 3 macroscopically identified drainage vessels from the esophagus. The most cranial vessel (T4 level) is
associated with a small lymph node (arrowhead). B, Cross section along the plane indicated by —B— in (A) (T5 level).
The outer longitudinal (L) and inner circular (C) muscle layers are interrupted by a complete muscle gap through which
a thick tortuous vessel (stars) passes. An asterisk indicates a damaged area during the procedure. Submucosal lymph
vessels (small arrows) are observed at the base of the mucosal folds (F1, F2). According to tracking of transversely
directional continuations using the serial sections, dorsal vessels (small arrows) communicate with the tortuous
drainage vessel, but other ventral vessels (arrowheads) do not. The mucosal layer (M) includes thick muscularis mucosa
(MM). Bar: 10 mm. C, Higher magnification view of the square in (B). The drainage vessel was labeled by carbon
particles (large arrows) during macroscopic observations. Note the thick wall (20-50 m) comprised of the smooth
muscle layer. The intima of the vessel is not preserved in this case. Bar: 100 m. D, Incomplete muscle gap. Cross
section along the plane indicated by —D— in (A). A straight drainage vessel originates from the intermuscular space.
Its transverse continuation (3 thin arrows) was limited. Two thick arrows indicate a carbon-particle label during
macroscopical identification. A, artery; N, myenteric nerve plexus of Auerbach. Bar: 100 m.
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Figure 2. Longitudinal territory of 1 drainage vessel running through the complete muscle gap. A, B, and C
correspond to 3 of the serial sagittal sections of the same specimen, while their higher magnification views are
shown in (D) and (E). A, Level of the complete muscle gap through which a tortuous drainage vessel (stars) runs.
In this section, the gap is covered by a definite layer of connective tissue such as the adventitia (arrowheads). Note
cranially extended submucosal vessels (small arrows). Those vessels communicate with each other and with the
drainage vessel through the gap in another section. L and C, outer longitudinal and inner circular muscle layers.
M, mucosal layer. Bar: 10 mm. B, Sagittal level 2 mm right side of (A). The longitudinal muscle layer (L) is
continuous, but the circular layer still forms a small gap (open star). The submucosal vessels (small arrows) extend
cranially more than 20 mm from the gap. Bar: 10 mm. C, Sagittal level 4 mm left of (A). The muscle gap can still
be recognized as a gap of the circular layer and thick, tortuous vessel (stars). Note caudally extended vessels
(small stars) in the submucosal layer. D, a higher magnification view of the square with D in (C). Note a lymph
follicle-like structure (black and white arrow) that is separated by the muscularis mucosae (MM) from the
submucosal lymphatic vessels. Four small arrows correspond to those in (C). Bar: 1 mm. E, a higher magnification
view of the complete gap, including the tortuous drainage vessel [a square with E in (A)]. Note the thick, smooth
muscle wall (50-100 m) of the vessel. Thick arrows indicate carbon particles labeled during macroscopic
observations. The muscle gap is covered by a connective tissue layer (arrowheads). Bar: 1 mm.
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sponding to 1 complete gap or 1 direct drainage vessel was
determined to have a size of 4-10 mm transversely and 40
mm craniocaudally.
The intramuscular drainage territory was difficult to
identify when the vessel was thin and passing through the
incomplete gap because longitudinal and transverse contin-
uation of the intramuscular lymphatics could not be recog-
nized even in serial sections. In spite of the insignificant
morphology, however, we did not ignore the incomplete
muscle gap because “usual” drainage with a nodal relay
seemed to usually accompany the incomplete gap (see be-
low). No definite valves were found in the submucosal
plexus with its efferent passing through the complete mus-
cle gap.
Lymphatic Drainage From the Esophagus With a
Nodal Relay
To determine the drainage territory of the subcarinal node
and para-esophageal node, 6 candidates for afferent vessels
from the esophagus to the subcarinal node (6 esophagi) and
other 5 para-esophageal nodes (another 5 esophagi) were
examined histologically (photographs not shown). The can-
didate vessels to the subcarinal node usually (5 of 6) orig-
inated at the intermuscular layer and passed through the
incomplete gap, but rarely (1 of 6), passed through the
complete gap with its concomitant artery and vein to com-
municate with the submucosa. In 1 rare case, the submuco-
sal histology was similar to that in the direct drainage cases.
Although using serial sections, because of the very tortuous
course and nonextended lumen, we found no definite affer-
ent vessel terminating the marginal sinus of the para-esoph-
ageal node. Consequently, except for the esophagus in
which the feeding artery and its concomitant vein provided
the complete muscle gap, a route with a nodal relay was
likely to originate at the intermuscular area.
Discussion
Identification of peripheral lymphatic vessels is usually
thought to be possible by specific histochemical meth-
ods.11-13 However, we believe that its direct connection to
the thoracic duct is, if observed even on hematoxylin and
eosin staining, a simple but primary criterion for the iden-
tification. Although it was limited to a specific lymphatic
drainage pattern (ie, the direct drainage without a nodal
relay) and although surgeons might characterize the intra-
esophageal lymphatics by the occurrence of mucosal lymph
capillaries,3,4 the present research first photographically
demonstrated an almost complete set of the esophageal
lymphatic routes from the submucosal origin to its terminal
at the thoracic duct. Notably, in contrast to the usual lym-
phatic plexi (ie, capillary meshwork) reported in the dia-
phragm,14 omentum,15 subpleural tissue,16 and subcutane-
ous tissue,17 the submucosal lymphatic origin in the thoracic
esophagus was composed of thick vessels containing a
well-defined smooth muscle layer (ie, not capillaries).
Moreover, the submucosal lymphatic vessels were much
more numerous and thicker in the thoracic esophagus than
in the cervical esophagus.18 The long longitudinal arrange-
ment of the thick submucosal vessels (even 50 m in
diameter) was absolutely consistent with the classical phys-
iological hypothesis that the longitudinal lymph flow is 6
times as great as the transverse flow in the esophagus.19
The complete muscle gap was an evident morphology.
The gap was much larger than the draining vessel passing
through it and provided enough space for the vessel to run
tortuously. In contrast to the direct drainage route, esopha-
geal lymphatic routes with a nodal relay usually originate
from the intermuscular area of the muscularis propria and
pass through the incomplete muscle gap. Lymphatic com-
munication between the submucosal and intermuscular ar-
eas was not identified histologically. When the complete
gap is present adjacent to a node for the artery and vein, the
node would be easily identified as a sentinel node by local
injection and, moreover, as a positive node in the early
stage. Nevertheless, we should remember that the direct
drainage route and its long extended territory are the critical
limiting factor for SNNS. This route may not involve any
nodes. However, identification of the large muscle gap
seems to be a challenging work with a specific technology,
Figure 3. Schematic representation showing configurations of
the lymphatic drainage from the esophagus. A thick, direct drain-
age vessel originates from the submucosal lymphatic plexus and
passes through the complete muscle gap in the dorsal and/or
right quadrants (D and/or R) of the esophagus. For another thin
vessel draining toward the regional node, an incomplete gap is
formed at the longitudinal layer of the muscularis propria. V and
L indicate the ventral and left quadrants, respectively. TD, Tho-
racic duct.
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such as an endothoracic scope using an ultrared lamp in
combination with injection of indocyanine green.
Kato and colleagues5 reported that in 57.6% of 43 pa-
tients with superficial esophageal squamous carcinoma,
lymph node metastasis was evident and that 15.2% of the
submucosal cases had positive nodes in the neck. The likely
distant transportation of cancer cells by the direct lymphatic
drainage route from the submucosal plexus seems to be
responsible for those cervical metastases. The direct lym-
phatic drainage to the thoracic duct has been identified
macroscopically in cadavers with limited incidences (19.0%
by Murakami and colleagues1; 22.7% in the present re-
search). However, the direct drainage vessel is likely to be
found much more frequently in the living state than in
cadaveric specimens in which postmortem necrotic changes
occur and progress. Therefore, recent advancements in mi-
crometastasis research using cytokeratin immunohisto-
chemistry in association with systematic lymph node dis-
section would provide incidences of early neck metastasis
coinciding with the anatomical evidence.20 Kato and col-
leagues5 also reported that superficial esophageal squamous
carcinoma brought no metastasis to the subcarinal node.
Therefore, the single specimen found in the present work
with the afferent from the esophageal submucosa to the
node seemed to be a rare exception with direct drainage.
Because the afferent usually originated at the intermuscular
layer of the muscularis propria, even submucosally invasive
squamous carcinoma may provide no early metastasis
through the afferent (see also above discussion about
SNNS).
Notably, the direct drainage territory appeared to be
restricted to the right and/or dorsal quadrants of the thoracic
esophagus (Figure 3), although the “end” of the submucosal
plexus was defined by its diameter 50 m in the present
research. Thus, the topographical relation between the tho-
racic duct and esophagus seemed to be an essential factor in
determining the position of the direct drainage territory.
Therefore, when superficial carcinoma is found in the dorsal
and/or right quadrants, the limited incidence of direct drain-
age, ie, about 20% or “much more” (see above), seems to
correspond to the actual value rather than an overevaluation.
When superficial carcinoma is found in the dorsal and/or
right quadrants of the esophagus, even without submucosal
invasion, we recommend detailed presurgical investigations
of cervical lymph nodes, which are likely to receive the
early cancer metastasis from the anatomically distant tho-
racic esophagus through the thoracic duct. Moreover, the
long longitudinal extension of the drainage territory was
very evident in the esophageal submucosa. This also seemed
to be responsible for unexpected lymph node recurrence
after endoscopic mucosal resection of superficial esopha-
geal carcinoma, although indications for the endoscopic
technique might extend to even submucosal carcinoma.
Study Limitation
First, a specific morphology (ie, direct drainage) might not
be combined with the “usual” configuration of the submu-
cosal lymph plexus, such as the usual size of the drainage
territory. When considering finding the direct drainage in 12
of 75 esophagi, possible selection bias should not be ig-
nored. Second, all histological specimens were too small in
length to identify the real morphology. We underestimated
the drainage territory (or an area in which dilated lumen was
observed) as restricted to an about 20-mm range from the
muscle gap. However, it extended much further than ex-
pected. Third, we conventionally defined the end of the
plexus as the point at which the luminal thickness became
50 m. However, its dilation or shrinkage seemed to
depend on physiology and even on conditions at and after
death. Fourth, in spite of the meticulous work to prepare
serial sections, we could obtain only a few photographs
demonstrating a connection between the para-esophageal
node and intra-esophageal lymphatics. Moreover, identifi-
cation of these afferent lymph vessels, including those of the
subcarinal node, was only based on the fact that they con-
nected to the marginal sinus of the node. However, the
marginal sinus was often closed or not clearly identified due
to severe anthracosis. Finally, the present results seemed to
be insufficient to reveal the mechanism of frequent metas-
tasis of superficial esophageal carcinoma to the perigastric
node,5,6 because our materials did not include the lowermost
thoracic esophagus. Moreover, the well-known, high inci-
dence of early metastasis to the recurrent nerve node5,6
might not occur via direct drainage even considering lymph
reflux. Japanese surgeons are now discussing the reliability
of the recurrent nerve node as a critical sentinel node to
determine whether the patient needs cervical lymphadenec-
tomy in superficial esophageal squamous carcinoma,20 al-
though the direct drainage seems to be contrary to the
sentinel node concept because there is no nodal relay. Nev-
ertheless, we believe that the present study successfully
describes a critical aspect of the esophageal lymphatic
drainage.
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